ABSTRACT Adverse housing and neighborhood conditions are independently associated with an increased risk of various diseases and conditions. One possible explanation relates to systemic inflammation, which is associated with these adverse health outcomes. The authors investigated the association between housing and neighborhood conditions with inflammatory markers using data about 352 persons aged 49-65 years from the African American Health study. Participants were identified by a multistage random selection process in 2000 to 2001(response rate, 76%). Blood was analyzed for soluble cytokine receptors (interleukin-6, tumor necrosis factor α), C-reactive protein, and adiponectin. Neighborhood and housing characteristics consisted of five observed block face conditions (external appearance of the block on which the subject lived), four perceived neighborhood conditions, four observed housing conditions (home assessment by the interviewers rating the interior and exterior of the subject's building), and census-tract level poverty rate from the 2000 census. Differences in some inflammatory markers were found by age, gender, chronic conditions, and body mass index (all Bonferroni-adjusted pG0.0034). There was no association between any of the housing/neighborhood conditions and the pro-inflammatory markers and potential associations between some housing/neighborhood conditions and adiponectin (pG0.05, Bonferroni-adjusted p90.0034). Inflammation does not appear to be a mediator of the association between poor housing/neighborhood conditions and adverse health outcomes in middle-aged African Americans.
INTRODUCTION
Adverse neighborhood and housing attributes have been associated with an increased risk of various diseases and conditions, including cardiovascular disease, diabetes mellitus, disability, neurobehavioral deficits, and cancer. [1] [2] [3] [4] [5] [6] [7] Only recently has research focused on the mechanisms by which adverse neighborhood and housing conditions affect health and disease outcomes as potential means for targeting interventions in a context-sensitive manner. 8 There are several hypothesized, interrelated, and mediating pathways that could provide such opportunities for intervention, including contextual attributes of place (e.g., availability of grocery stores selling fruits and vegetables), health behavior (e.g., physical activity, alcohol consumption), diseases and conditions (e.g., body mass index (BMI)), and psychosocial factors (e.g., anxiety, stress, and depression). 9 One possible mediating pathway relates to systemic inflammation. Pro-inflammatory markers (e.g., interleukin (IL) 6, tumor necrosis factor (TNF) α, C-reactive protein (CRP)) and anti-inflammatory adipokine (adiponectin) have been linked to increased risk of multiple diseases and conditions, such as cardiovascular disease, diabetes mellitus, disability, and possibly cancer. [10] [11] [12] [13] [14] [15] [16] [17] However, few studies have examined the variation of these markers across neighborhood and housing conditions. [18] [19] [20] In general, these studies have found modest associations, but only area-based measures of socioeconomic status have been used as indicators of neighborhood conditions. Further research is warranted that examines the association of multiple spatial levels with inflammatory markers.
Few studies examining the inflammation-disease/condition association have been conducted among urban African Americans, who appear to have elevated levels of disease and disability relative to other racial and ethnic groups. To our knowledge, only one study has examined the association between adverse neighborhood conditions and inflammatory markers among African Americans, 19 who also appear to have elevated levels of inflammatory markers. 19, 20 Inflammation may play a role in the relationship between adverse housing/neighborhood conditions and increased risk of diabetes and lower-body functional limitations we have observed in the St. Louis African American Health study. 3, 6 Specifically, our adjusted analysis showed that African Americans who lived in neighborhoods with 4 to 5 versus 0 to 1 conditions rated as fair or poor were three times more likely to develop lower-body functional limitations. 3 Also, African Americans who lived in houses rated as fair or poor were more likely to develop diabetes than those living in houses rated as good or excellent. 6 Various individual characteristics were unable to explain these associations, but inflammation was not examined.
In order to explore the possible mediating pathway (inflammation) by which adverse neighborhood and housing conditions are linked with the risk of adverse health outcomes, we examined the cross-sectional association of observed, perceived, and census-based neighborhood and housing conditions with soluble receptors for three pro-inflammatory markers (IL-6, TNFα 1, and CRP) and an antiinflammatory adipokine (adiponectin) among African Americans. There are three requirements that all need to be fulfilled for mediation to be present: (1) the mediator (inflammation) needs to be predicted by adverse neighborhood/housing conditions, (2) the mediator predicts the adverse health outcome (diabetes, lowerbody functional limitations), and (3) the mediator is on the causal pathway between adverse neighborhood/housing conditions and diabetes/lower-body functional limitations. 21 To examine the first of the three requirements for mediation, inflammatory markers (the purported mediators) need to be associated with adverse housing/neighborhood conditions (i.e., the exposure of interest), 21 which is the focus of this study.
METHODS

Study Sample
The sampling design of the African American Health (AAH) cohort has been described elsewhere. 22 Briefly, AAH is a population-based cohort study of 998 noninstitutionalized African Americans recruited in 2000 to 2001 using multistage probability sampling. All participants lived in one of two geographic sampling strata: either a poor, inner-city area (St. Louis, MO, USA) or more heterogeneous suburbs just northwest of the City of St. Louis. Interviewers (two thirds of whom were African American) with extensive study-specific training screened households for eligibility criteria, which involved self-reported Black or African American race, birth date from 1936 through 1950, and Mini-Mental State Examination scores ≥16. This age group was selected to examine the progression of subclinical disability to more overt disability. Participants were paid volunteers. Sampling proportions were set to recruit approximately equal numbers of participants from both areas (sampling strata).
All participants received in-home, baseline evaluations between September 2000 and July 2001. Baseline response was 76% (998 out of 1,320). The eligible study sample for the current analysis included 368 AAH participants who donated blood at baseline. All participants were given the opportunity to donate blood, but only 37% of those who participated in the baseline evaluations did. The current crosssectional analysis was limited to 352 AAH participants for whom complete data were available on all laboratory measures. All procedures were approved by the Institutional Review Boards of the involved institutions.
Inflammatory Markers
Blood was drawn for laboratory analyses shortly after the baseline assessment or at the time of further clinical examinations required for special substudies. Serum was stored at −700°F until the cytokine analyses were performed in 2006. We used plasma concentrations of soluble receptors of IL-6 (expressed in nanograms per milliliter) and TNFα (type 1, expressed in nanograms per milliliter), which reflect the history of inflammatory immune activation rather than actual values of the inflammatory markers, which are more variable.
14 These receptors were selected based on their association with skeletal muscle mass and strength, which are predictors of lower-body functional limitations, disability, and diabetes. 14, 16, 17 Soluble, extracellular, ligand-binding portions of cytokine receptors occur naturally in body fluids and are believed to regulate the biologic activities of cytokines. Thus, soluble receptors may be better markers of chronic cytokine activity. 23 Receptors of IL-6 are stimulated by circulating IL-6 24 while TNFα receptors neutralize the effects of TNFα. 25 Higher values of these receptors indicate greater inflammation. Soluble IL-6 receptor (IL-6R; expressed in milligrams per liter) was measured with an ELISA kit from ICN-Biomedicals (Costa Mesa, CA, USA). The intra-and interassay coefficients of variation (CV) were 5.0% and 5.9%, respectively. Soluble TNFR1 and sTNFR2 were measured using ELISA kits (BioSource, Camarillo, CA, USA). Intra-and interassay CVs were 4.1% and 7.3% for sTNFR1 and 5.1% and 8.6% for sTNFR2. CRP was measured with a commercially available High Sensitivity Enzyme Immunoassay (hsCRP 7ELISA) kit from MP Biomedicals (Orangeburg, NY, USA). The intra-and interassay CVs were 4.5% and 4.1%, respectively. Adiponectin was determined using a commercially available radioimmunoassay kit (Linco Research, St. Charles, MO, USA), with intraand interassay CVs of 5.3% and 8.1%, respectively, and expressed in micrograms per milliliter. Lower values of adiponectin indicate more inflammation.
Adverse Neighborhood and Housing Conditions
Neighborhood and housing characteristics consisted of observed, global impressions of block face conditions (external appearance of the block on which the subject lived), perceived neighborhood conditions reported by AAH participants, observed housing conditions (home assessment by the interviewers rating the interior and exterior of the subject's building), and census-tract level poverty rate from the 2000 census. An observed global impression of the external appearance of the block face (neighborhood) in front of the homes where the participants resided was done by the survey team using a previously published assessment tool 26 during household enumeration, which occurred an average of 7 months before the participants were recruited. Using a four-point scale (excellent, good, fair, poor), observers rated each of five characteristics: condition of houses, amount of noise (from traffic, industry, etc.), air quality, condition of the streets, and condition of the yards and sidewalks in front of homes where participants lived. Reliability was acceptable, with weighted interrater Kappa statistics ranging from 0.58 (air quality) to 0.84 (condition of yards and sidewalks). 27 We also obtained a perceived measure of neighborhood conditions from respondents at baseline: neighborhood as a place to live (excellent, very good, good, fair, poor), general feelings about the neighborhood (delighted, pleased, mostly satisfied, mixed, mostly dissatisfied, unhappy, terrible), attachment to the neighborhood (very strongly, strongly, undecided, not strongly, not at all), and neighborhood safety from crime (extremely, quite, slightly, not at all). 28 Participant responses were dichotomized for each condition (see Online table and Tables 2, 3 , and 4).
Assessment of housing conditions was measured by the interviewer's subjective ratings at the baseline interview of the cleanliness inside the building, physical condition of the interior, condition of furnishings, condition of the exterior of the building, and a global rating (all rated as excellent, good, fair, or poor). The testretest reliability was at least 0.68 for each condition. 6 In the present analysis, each block face condition and each housing condition were dichotomized as either fair or poor versus good or excellent.
Using geocoded baseline street addresses, we used the percentage of the population living below the US federal poverty line from the 2000 census for the census-tract level in which each participant lived (average participants per tract=8.4). Street addresses for all subjects were successfully matched to census tracts using three methods: (1) ArcView 3.2 with records preprocessed by ZP4, (2) Centrus GeoCoder for ArcGIS, and (3) a commercial address matching service. Conflicts resulting from the three methods were compared against the 2000 redistricting TIGER file to recover the most accurate source. If none was accurate, the Internet-based EZ-Locate system was used as an alternate source. The poverty rate measure is robust in its association with various diseases and levels of geography; it has potential policy implications and is comparable over time. 29, 30 We not only used the poverty rate as a continuous variable but also grouped it into three levels similar to previous research 31 -less than 10% (low-poverty rate), 10-19%, 20%, or greater (high-poverty rate)-to allow for nonlinear effects.
Covariates
Covariates included in the analysis were patterned after other research. 19, 20 Covariates involved sampling stratum (inner city, suburb), age, gender, household income (G$20,000, $20,000 to G$50,000, $50,000, or more, unknown income), and a count of the number of self-reported physician-diagnosed severe chronic conditions ever experienced (asthma, diabetes, chronic airway obstruction, heart failure, heart attack, angina, stroke, chronic kidney disease, arthritis, and cancer other than a minor skin cancer). Also reported were height and weight to calculate BMI (G25, 25-29.9, 30+, unknown), smoking status (current, former, never), and risk of alcohol abuse (score of at least 2 on the CAGE questionnaire). 32 
Statistical Analysis
Since values for the inflammatory markers were not normally distributed, these variables were log-transformed. Chi-square tests were used to compare baseline characteristics of the AAH participants who donated blood (study sample) and those who did not or who had missing data on one or more cytokines. We used t tests and linear regression to examine the association of each of the adverse neighborhood and housing conditions with each of the inflammatory markers. First, we constructed unadjusted models. Second, we adjusted for age, gender, income, stratum (city or suburban), the number of severe chronic conditions, BMI, smoking status, and risk of alcohol abuse since these covariates were associated with inflammatory markers. 18 When examining census-tract poverty rate, we used a twolevel model with the random components assessed at the individual and censustract level. Least square mean levels of the inflammatory markers were calculated for each level of the neighborhood and housing conditions by exponentiation of parameter estimates. Because of the large number of comparisons, we used the Bonferroni-adjusted alpha level of 0.0034 as statistically significant as well. All analyses were performed in SAS (version 9.1).
RESULTS
Overall, current study participants (n=352) were similar to those AAH participants not in the current study (n=646), except that the former were more likely to be older (p (uncorrected for multiple testing) G0.01) and to have less education (pG0.05) and less likely to be a current smoker (pG0.01) and to be male (pG0.05) than the latter group (Online table) . No significant differences were found between groups for any of the neighborhood or housing conditions. The only significant p value after Bonferroni multiple test correction was for smoking status. Table 1 displays the unadjusted values of the inflammatory markers and those stratified by the covariates. Because of the high correlation between sTNFR1 and sTNFR2 (Pearson correlation=0.79), we only focused on sTNFR1 values in the current study. Participants who were male, aged 49-55 years, with lower incomes, those with more chronic conditions, and those with higher BMI typically showed more inflammation on some but not all of the markers than their respective counterparts. Table 2 shows that there were no statistically significant differences in unadjusted (model A) values of any of the inflammatory markers between categories of the five block face conditions before or after using the Bonferroni-adjusted correction. Adding the covariates (model B) to these models showed that persons who lived on block faces where housing conditions and sidewalk quality were rated as good or excellent had higher values of adiponectin before Bonferroni adjustment but not after this adjustment. Persons who lived on block faces or yards and sidewalks rated as good or excellent had higher adiponectin values (pG0.05, but Bonferroni-adjusted p90.0034). There were no statistically significant differences after using the Bonferroni-adjusted correction in values of the inflammatory markers between categories of the five housing conditions (Table 3) or between categories of each of the four perceived neighborhood conditions (Table 4) with either model A or model B adjustments. However, persons who lived in buildings rated as good or excellent had higher adiponectin values (pG0.05, but Bonferroni-adjusted p90.0034). Also, there were no associations between census-tract poverty rate and any of the inflammatory markers in an age-sex-stratum-income adjusted model (all p values90.05) or when also adding risk of alcohol abuse, smoking, chronic conditions, and BMI to this model (all p values90.05). This observation held true when using poverty rate as either a continuous or categorical variable (data not shown).
DISCUSSION
Attributes of subject location were not associated with pro-and anti-inflammatory markers in our study of urban-dwelling African Americans after Bonferroni adjustment. However, higher adjusted values were found for adiponectin for persons who lived on block faces where housing conditions and yard and sidewalk quality were rated as good or excellent prior but not after Bonferroni adjustment. Also, persons who lived in buildings where the physical condition was rated as good or excellent had higher adiponectin value prior but not after Bonferroni adjustment. To our knowledge, there is only one published study available for comparison. Pollitt and colleagues 19 failed to show an association between census-tract socioeconomic position and pro-inflammatory markers among African Americans in adjusted analysis. Our data confirm these findings, based on our use of censustract poverty rate. Our study goes beyond their findings by showing that the results are the same when examining observed block face, observed housing, and selfreported neighborhood conditions after Bonferroni adjustment. Because one of the three requirements that need to be fulfilled for mediation is that a mediator is associated with the independent variable of interest, 21 inflammation is unlikely to be a mediator for the association of adverse housing and neighborhood conditions with the risk of diabetes and lower-body functional limitations we previously observed in the African American Health study population based on the lack of a cross-sectional association in the current study. 3, 6 We used soluble receptors of IL-6 and TNFα because these are more long lived in the circulation and represent evidence of activation of the pro-inflammatory system. The association between adverse neighborhood conditions and inflammatory markers may differ by race and sociocultural constructs. Studies have shown an association among Whites, 19 a population in Glasgow, Scotland, 18 and among a population-based sample comprised of 23% African Americans, 20 but not among African Americans per se. 19 Therefore, the mediating pathway of inflammation by which adverse neighborhood and housing conditions affect health and disease may vary by race and sociocultural constructs.
Although the identified associations between adverse block face/housing conditions and adiponectin were neither highly significant nor consistently found across all conditions, the potential for a mediating role by adiponectin is intriguing. Adiponectin is an insulin-sensitizing, anti-inflammatory, and antiproliferative adipokine that decreases with increased adiposity and has shown inverse associations with incident diabetes mellitus, coronary artery disease progression, and severity of peripheral arterial disease. [33] [34] [35] Notably, African Americans have lower adiponectin and higher arterial stiffness (an indicator of adverse effects on arteries) than Whites, and adiponectin has been shown to be independently associated with arterial stiffness in Blacks but not in Whites. 36 Additionally, peripheral arterial disease has been shown to be twice as prevalent in Blacks as in Whites 37 and to independently predict decline in lower-body functioning. 38 Hence, adiponectin may have played a potential role in the effect of adverse block face/housing conditions on declines in lower-body functioning and risk of diabetes that we showed in this population 3, 6 through its effects on peripheral arteries. Because of the tentative nature of our findings, future studies should explore this in more detail.
As with any negative study, lack of statistical power may have been an issue. Although there were only 352 participants available for analysis, lack of power is unlikely to have been an issue in our study since generally the differences in values of the inflammatory markers between categories of the neighborhood and housing conditions were very small and the expected statistical association between these markers and some of the covariates were demonstrable (Table 1) .
It also can be hypothesized that our null findings are the result of our use of a limited number of inflammatory markers. However, Pollitt and colleagues observed no association of census-tract socioeconomic position with fibrinogen and white blood cell counts in addition to CRP, suggesting that our use of sIL-6R, sTNFα, and adiponectin unlikely influenced our results. Second, we used soluble receptors of the inflammatory markers rather than their actual serum values. In contrast to cytokines, soluble receptors tend to have longer half-lives and as such may be better markers of chronic cytokine activity. This suggests that neither acute inflammation, based on Pollitt's use of serum cytokines, 19 nor chronic inflammation, based on our use of soluble receptors, plays a role in risk of diabetes and lower-body functional limitations among African Americans.
A third possible reason for our null findings is that the effect of adverse neighborhood and housing conditions on inflammatory markers may have been buffered by anti-inflammatory mechanisms. Some persons who lived under these adverse circumstances may have developed coping mechanisms or a social network that buffered the hypothesized association. 26, 39 Another hypothesis is that antiinflammatory medication use may have been higher among those living under adverse neighborhood and housing conditions. This is unlikely to be an explanation for our null results because use of nonsteroidal anti-inflammatory drugs (NSAID) does not vary dramatically among large geographic areas. 40, 41 Unfortunately, less is known about NSAID use across smaller geographic areas.
A fourth possible reason for our findings might be that our study population lived in two relatively small geographic areas, which may have limited the variability in housing and neighborhood conditions. An argument against this is that prior analyses of these data showed that these housing and neighborhood conditions did increase the risk of developing lower-body functional limitations and diabetes. 3, 6 A fifth potential reason for our observed lack of an association is our use of general methods of housing and neighborhood conditions. Adverse health effects and inflammatory markers could be associated with more specific housing conditions, such as fungi, mold, and moisture, but they were not measured. 42 Future studies could examine this using more detailed housing and neighborhood assessments. 43, 44 The strengths of our study include the use of a single race (which helps reduce the effects of the strong interrelationship between race and socioeconomic status) and the use of multiple levels of spatial aggregation and its associated conditions. However, the results of our study may not be generalizable because we included only a single racial group with a restricted age range from one metropolitan area. Nonetheless, we found that adverse conditions at the census-tract, block face, dwelling unit, and self-reported neighborhood satisfaction levels were not associated with the inflammatory markers among urban African Americans, suggesting that inflammation is likely not a mediator of the relationship between adverse housing/neighborhood conditions and risk of disease and disability in the African American Health study.
